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MEASURE®NTS  AND  REDUCTIONS 
OF  RELATIVE  POSITIONS  OF  DOUBLE  STARS 
PROM  PHOTOORAi’HIC  PLATES 


Introduction! 

It  hav  first  been  sho\-m  by  Hertzsprung^^  that  photographic  observations 
of  double  stars  have  proven  far  superior  in  accuracy  to  the  conventional 
Visual  observations. 

Since  the  double  star  observations  provide  the  fundamental  measur«nents 
for  the  determinations  of  the  masses  of  the  stars,  and  since  they  may  also 
allow  the  determination  of  other  stellar  characteristics,  such  as  distance 
and  central  condensation,  the  higher  accuracy  of  the  photographic  observa- 
tions leads  to  more  accurate  determinations  of  these  quantities. 

The  hi^  accuracy  of  the  photographic  observations  is  also  of  special 
Importance  in  detsnnining  whether  apparent  discordances  in  the  observed 
orbital  motions  of  certain  nearby  double  star  systems  are  caused  by  observa- 
tl(»ial  errors  in  the  visual  observations  or  by  the  existence  of  invisible 
coa^}anion8  in  the  systems, 

Hertssprung  developed  his  met  lod  in  1914  and  carried  out  a large  observ- 
ing program  with  the  long  focus  refracting  telescope  of  the  Potsdam  Observa- 
tory until  1919*  The  first  large  scale  program  of  the  same  type  following 

2) 

Hertssprung <8  program  was  that  of  Strazv}  with  the  Sproul  Observatory ts 
large  refracting  telescope.  The  program  was  started  in  1933  and  continued 
to  1942,  when  it  was  interrupted  by  his  war  service.  The  program  was  re- 
iwsd  in  1946,  using  primarily  the  long  focus  refractor  of  the  Dearborn  Ob- 
sinrvatory,  while  additional  plates  were  taken  \dth  the  long  focus  telescopes 
e£  the  Teikes  «id  S^imnil  Observatories. 


2)  SUmaif  4itvotioBdeaI  Journal,  v.  52,  1946. 
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Tfio  photogny^e  nsthod  loses  Its  aoeuraejr  if  the  separation  of  the 
Images  is  less  than  0.15  om  on  the  photographic  plate,  diie  to  systematlo 
errors  arising  from  the  interaction  of  the  adjacent  images  upon  each  other, 
due  to  various  i^otographlc  effects;^^  accordingly  the  lower  limits  set 
for  binary  stars  included  in  the  present  program  were  4U0  for  the  Dearborn 
refractor,  2','8  for  the  Sproul  refractor,  and  1117  for  the  Yerkes  refractor. 
Description  of  the  photographic  method: 

In  Older  to  obtain  the  hi^  accuracy  of  the  photographic  method  it  is 
essential  that  the  following  factors  are  observed: 

1) .  Nearly  monochromatic  light. 

2) .  Ihe  effective  ratio  in  ll^t  Intensity  between  the  components  to 

be  less  than  1.6  (0.5  stellar  magnitude). 

3) .  Multiple  ejqMsures  (AO>60  images  on  one  plate). 

4)  • The  plates  measured  on  high  precision  measuring  machines;  allowing 

readings  to  one  micrc»i  and  with  the  periodic  errors  determined  to 
the  nearest  0.2  micron. 

1).  The  nearly  monochrcmatle  light  has  been  achieved  by  using  visual 
refracting  telescopes  in  combination  with  a yellow  sensitive  plate  and  a 
yalloiir  filter. 

The  visual  refracting  telescope  has  the  minimum  focal  length  at  5500 
Angstrom  units  in  order  to  allow  the  rays  most  sensitive  to  the  human  eye 
to  be  foeused  wlthcmt  the  disturbing  effect  of  the  adjacent  eactra-focal 
latpMi  fecmed  by  the  red  and  bl\ie  wavelengthm* 

Am  photegniihie  plates  used  in  the  program  were  Eastman  npeotrosoopio 
jiirtfT  of  Glass  G.  These  plates  have  a strong  sensitivity  thrwighout  the 
lime  ami  pmem  mlth  a «*■**—■»  at  5650iA,  after  which  the  sensitivity  falls 


off  sharply.  Ihe  blue  sensitivity  of  the  plates  is  absorbed  by  a yellow 
filter  (Ifratten  Light  Filter  No.  12)  v^ich  absorbs  all  light  of  wavelsngtha 
below  5000A. 

2) .  Hie  effective  maxiraum  ratio  in  light  intensity  of  1.6  between  the 
coH5)onent8  of  observed  binary  systems  has  been  achieved  by  using  coarse 
gratings  in  front  of  the  objective  of  the  telescope  for  those  pairs  vrtiich 
have  magnitude  differences  betv/een  the  components  larger  than  0,5  magnitude. 
The  gratings  produce  spectra  placed  symmetrically  with  respect  to  the  central 
image.  Since  the  light  reaching  the  photographic  plate  is  nearly  monochronw* 
atic  both  first  and  second  order  images  appear  round,  For  binary  systems 
\diere  the  difference  in  magnitude  between  the  components  is  nearly  one  magni- 
tvide,  a grating  is  placed  in  front  of  the  objective  giving  a difference  of 
one  magnitude  between  central  image  and  first  order  spectra.  The  mean  posi- 
tion of  the  spectra  is  then  used  as  the  position  of  the  center  of  the  image 
formed  by  the  brighter  component,  thus  in  effect  reducing  the  magnitude 
difference  between  the  coBQionents  to  zero. 

For  each  of  the  three  telescopes  used  in  the  present  program  four  grat- 
ings were  constructed  producing  respectively  1,  2,  3 and  4 magnitude  differ- 
ences in  intensity  between  central  image  and  first  order  spectra.  These 
then  allow  the  intensity  difference  between  the  components  to  be  held  below 
0,5  magnitude  for  all  binary  systoas  with  magnitude  differences  up  to 
4*5  sm^dtude. 

3) ,  In  order  to  fully  utilize  the  accuracy  of  the  photographic  method 
it  is  essential  that  approxiiaatcly  30-60  images  are  exposed  on  each  plate. 
Following  this  procedure,  the  accidental  errors  arising  from  anomalies  in 
Uie  ataoqplMrlo  refraction  ("seeing”  effect),  from  displacements  in  the 
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photographic  emulsion,  as  well  as  in  the  process  of  measurements,  are  can* 
celled  out.  Since  the  systotnatic  errors  arising  from  the  same  sources  are 
small,  the  large  nmber  of  exposures  is  essential. 

While  early  in  the  present  program  the  multiple  exposures  were  obtained  by 
manual  operation  of  shutter  and  plateholder,  this  equipment  v/as  replaced  at 
the  Dearborn  and  Yerkes  telescopes  ivith  new  instrumentation,  allowing  auto- 
matic timing  of  the  exposure  as  well  as  automatic  shifts  of  the  plates  between 
the  e:^sures. 

The  new  eq'oipment  has  increased  considerably  the  quality  of  the  images, 
because  the  manxial  operation  of  the  previous  equipment  made  it  difficult  to 
avoid  vibrations  in  the  telescope. 

The  plates  were  measured  with  the  Gaertner  high  precision  measuring 
machine  at  the  Dearborn  Observatory.  Bach  machine  has  a screw  with  a one 
millimeter  pitch,  and  for  each  screw  the  progressive  and  periodic  errors 
have  been  determined  to  tne  nearest  micron. 

Ihe  esqMSures  on  each  plate  were  measured  in  four  positions  of  the  plate 
leading  to  the  measurement  of  the  coordinates  of  the  relative  positions  of 
the  coofxrnents  in  a rectangular  coordinate  system  with  the  x-axis  parallel 
to  the  celestial  equator. 

Statistics  of  Measrirements; 

At  the  coiqrletion  of  the  present  contract  on  August  31,  1953,  the 
following  data  were  available. 


Dearborn 

Sproul 

lerkes 

Total 

mates  talmi 

825 

165 

168 

U58 

aeasureS 

689 

U9 

136 

974 

Total  mabw  of 

.Nl.* 

614,000 
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Of  the  total  maniber  of  measurements,  approximately  150,0CX)  were  made  by 
the  persons  en^loyed  under  the  ONR  contract*  In  addition  final  reductions 
were  carried  out  for  approximately  850  plates,  of  which  the  detailed  results 
for  735  plates,  comprising  410,000  settings,  were  prepared  in  manuscript 
form  to  be  published  in  the  Dearborn  Annals  Vol,  7,  Part  1,  The  remaining 
results  for  115  plates,  which  were  ccsnpletely  reduced,  are  being  retained 
for  a future  publication  dealing  with  the  orbital  motion  of  the  binary  system 
61  Cygni*  Accurate  photographic  measures  of  this  system  Strand  have  shown 
the  existence  of  a dark  component  in  the  system  with  planetary  mass  of  the 
order  of  0.015  solar  masses  or  15  times  the  mass  of  Jupiter, Extensive 
series  of  plates  for  this  system  are  being  continued  for  further  check  on 
this  lnq>ortant  system. 

The  detailed  results  of  the  measures  and  the  accuracies  which  have  been 
obtained  have  pxurposely  been  omitted  fr<xK  the  present  report,  since  th^ 
will  be  published  in  the  Dearborn  Annals,  Volume  7,  Part  1,  scheduled  for 
distribution  by  February  1954*  This  publication  vrlU  be  furnished  to  the 
agencies  listed  on  the  enclosure. 

IrtlftMIMl  jrfai— wt.  < 

The  director  of  the  project  wishes  to  expreaa  his  sincere  thanks  to  the 
Office  of  Kaval  Research  for  its  suQ)port«  Without  this  support  a serious  de> 
lagr  would  have  occunred  in  completing  the  measurmaents,  the  reductions,  and 
the  preparation  of  the  aaterial  for  publication. 


K.  Aa.  STRAND 


11^,  aac,, 
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